Cassava mosaic disease (CMD) caused by Bemisia tabaci is among the major contributors to low cassava yield in Africa and therefore requires instituting control measures. Due to genetic diversity in cassava, only clones with superior agronomic traits, disease resistance and high yield are selected and released to farmers or deployed in breeding program. This study was conducted to evaluate the resistance of cassava half-sib families to CMD. Field trials were conducted at Kenya Agricultural and Livestock Research Organization (KALRO), at Kakamega and Alupe research stations in western Kenya from June 2016 to June 2017. Sixty progenies were compared to that of their five parents by planting cuttings in 4 × 2 meters plots. Data were collected on plant height, number of roots per plant, harvest index, root yield, dry matter content, cassava mosaic disease and whiteflies infestation. Twenty three genotypes had a mean score of 1.0 to CMD, implying that they are resistant. Cassava grown at Alupe was observed to have high number of susceptible genotypes compared to cassava grown at Kakamega, indicating the effect of the environment on the genotypes. Parental genotypes, Kaleso and MM96/4271 presented high number of progenies showing CMD resistance. Genotypes, P4G1 and P2G3 with mean root yield of 31.6 t ha -1 and 30.0 t ha -1 were the highest yielding in term of root yield. A number of half-sib families generated from MM96/4271, Kaleso and MM96/0686 performed well with respect to yield recorded on their respective parents. Evaluation of new cassava varieties under local disease conditions would most likely improve the productivity of cassava through selection of resistant clones.
Introduction
Cassava is considered as one of the most important food crop in the world. The annual production was about 276 million metric tons in 2013 (Sanginga & Mbabu, 2015) . Cassava is an important subsistence and food security crop in Africa due to the level of its tolerance to poor soils, easy propagation through stem cuttings and low rainfall (Hillocks & Jennings, 2003) . The cassava (Manihot esculenta) roots are an indispensable source of carbohydrate in several locations of the low and mid-altitude tropics. Almost, 90% of cassava produced in Africa is used for consumption which provides calories for about 500 million of people and constituting about 37% of energy requirements of the population's food (Sanginga & Mbabu, 2015) .
For a long time cassava breeding has been undertaken by the international research organizations such as the International Centre for Tropical Agriculture (CIAT) and the International Institute of Tropical Agriculture (IITA). National research stations being used only to test and disseminate developed varieties (DeVries & Toenniessen, 2001) . In this breeding approach generally referred to as conventional plant breeding approach, the breeder undertakes all breeding activities unilaterally (Virk & Witcombe, 2007; Witcombe et al., 1996) . The breeder identifies the breeding objectives, develops and test new varieties and evaluates them on research stations. Cassava (Manihot esculenta Crantz.) production has been greatly hindered by cassava mosaic disease (CMD) in many cassava growing areas within East and Southern Africa (Pennisi, 2010) . The whitefly (Bemisia tabaci), is a vector that transmits cassava mosaic disease causing viruses (Fargette & Vie, 1995 Source: Jaetzold and Schmidt (1983) .
Description of Cassava Germplasm
The cassava germplasm used in the research study was obtained from Kenya Agricultural and Livestock Research Organization (KALRO) Kakamega cassava breeding program. Five parental genotypes each with 12 progenies generated through poly-cross mating design were evaluated in two locations. In order to generate families, the five parents were planted in isolated crossing block at KALRO-Alupe and allowed to randomly mate. The seeds were harvested from each parent, dried and planted in a seedbed before being transplanted into the field. Cuttings from these seedlings were used in the evaluation trial where only the seedlings that produced at least twenty quality cuttings per seedling (genotype) were included in the trial. The five elite parents, MM96/4271, MM96/0293, MM98/0686, MM96/9308 and Kaleso were selected based on their performance on cassava mosaic disease resistance, yield and yield component as these are also factors that influence the adoption of farmers.
Experimental Design and Layout
The experiments were conducted between June 2016 and June 2017 at KALRO-Kakamega and Alupe. Sixty half-sib clones were used in the experiment plus their five parents used as checks. Each of the sixty five genotypes was planted in a plot size of eight meter square as dimensions. Two rows plot with four plants per row per genotype were planted at a spacing of 1 meter between rows and 1 meter between plants. Eight cuttings, each with 20 cm of length from each genotype were used for planting in each plot. Cassava brown streak and mosaic disease spreader rows were planted using infected planting materials from highly susceptible clones called Matuja. The spreader rows were planted after every 10 genotypes to ensure high disease pressure in the trial plots. The spreader rows were planted at the same spacing as plots and maintained in a similar manner in order to strengthen the inoculation of the CMD. The experiment was laid out in a randomized completely block design. Weeding was done as required but no fertilizer and supplementary irrigation was applied.
Data Collection

Assessment of Agronomic Parameter
Plant height expressed in centimeters was determined by vertically measuring the plant from the ground to the top of the canopy at 12 months after planting on four middle plants in each plot.
Assessment of Cassava Mosaic Disease
Cassava mosaic disease severity was scored monthly on four middle plants in each plot using a score scale of: 1 = No observable symptoms, 2 = Mild chlorotic appearance on all the young leaves or little deformation limited on their base, 3 = Strong mosaic on the whole of the sheet accompanied later narrow and deformation of the lower third of the leaflets, 4 = Mosaic with severe deformation of the lower two thirds of leaflets and general reduction of the sports sector surface, 5 = Mosaic with severe deformation of the leaflets on at least four fifth of their surface (Gondwe et al, 2003) . Cassava mosaic disease incidence was calculated as the ratio of the number of plant with symptoms to the number of observed plants in each plot (IITA, 1990 ).The mean CMD damage incidence from the first month to twelve months were used to calculate, the Area Under Disease Progress Curve (AUDPC) as described by Shaner and Finney (1977) which was calculated as:
(1)
Where, n = a total number of observations, yi = injury intensity (usually incidence in crop health data) at the i th observation, t = time at the ith observation.
Assessment of Whitefly's Nymphs
Whiteflies' nymphs were randomly counted on nine successive leaves of different ages per plant in four middle plants in each plot, according to Abisgold and Fishpool (1990) . Data were collected every fifteen days from nine to twelve months after planting.
Assessment of Yield and Yield Components
At harvest data was collected on number of storage root per plant, harvest index, storage root yield and dry matter content. Four middle plants were harvested at twelve month after planting. The number of tubers per plant was measured as follows: × 100 (4)
Root dry matter content was determined using a specific gravity procedure (Okogbenin et al., 2003) . Approximately 1-5kg roots were weighed in the air and then submerged into water and weighed again. The formula used to determine dry matter content was:
Where, Wa = Mass of roots in air and Ww = Mass of roots in water.
Determination of Cyanide Content in Cassava Tubers
Cyanide content was determined on four plants per clone and from three roots per plant. For each root sample, a cross-sectional cut at the mid-root position was made. The mid position was pinpointed between the peel and the center of the parenchyma and makes a 1 cm 3 cube cut. The cut root cube was placed into a glass tube and five drops of toluene was added into the glass tube, then the glass tube was sealed with the stopper. A strip of Whatman filter paper was taken and dipped into freshly prepared alkaline picrate mixture until saturated. The picrate-saturated filter paper was suspended above the cut root cube in the glass tube. After twelve hours, colour change from pale green to dark brown was scored on a scale of 1 to 9 corresponding to cyanide content of between < 10 ppm to > 150 ppm (Fukuda et al., 2010) .
Data Analysis
The data were analyzed statistically using the Statistical Analysis System (SAS) version 8 (SAS/STAT, 1999). Analyses of variance were done initially for each trial per site and later combined analyses of variance were conducted across the two sites. Treatment means were separated using Least Significant Difference (LSD) and declared to be significant at 95% confidence level (P = 0.05). In addition, Pearson's phenotypic correlation between agronomic traits, cassava mosaic disease severity and incidence with yield and yield components averaged over the rating periods and sites were determined.
Results
Plant Height
The genotypes differed significantly (P < 0.001) in plant heights. The height among cassava genotypes varied from 66.3 cm to 237.9 cm. The half-sib progenies were taller than respective parents among parental genotypes MM97/0293, Kaleso and MM96/4271. However, progenies from family MM96/0686 and MM96/9308 were found to be shorter than their parents. Among all the progenies, parents MM96/4271 and MM96/9308 had the highest mean height of 160.0 cm, while MM96/0686 had the lowest mean height of 126.6 cm. The genotypes were generally tall when grown at Kakamega with mean weight of 155.6 cm compared to Alupe with 112.9 cm. The tallest genotype was P5G2 from parental genotype MM96/9308 at Kakamega with height of 266.3 cm and the shortest was P4G5 from MM96/0686 with height of 69.6 cm. At Alupe, the tallest genotype was P1G8 from MM96/4271 with height of 166.3 cm and the shortest was P5G3, from MM97/9308 with height of 52.5 cm. Across the two sites, P5G2 was observed to be the tallest with mean height of 237.9 cm while P5G3 was the shortest with mean height for 66.3 cm.
Reaction to Cassava Mosaic Disease
Reaction of genotypes to CMD varied significantly (P < 0.001). Reaction of genotypes to CMD was observed to be lower at Kakamega than at Alupe. The CMD severity scores ranged from 1.0 to 4.0 in both two sites with an incidence ranging from 0 to 100%. Considering the severity of CMD, half sib progenies from Kaleso family had the lowest mean severity of 1.5 with clone performance ranging from 1 to 3, followed by family MM96/4271 with 1.9. Half sib progenies from family MM96/9308 had the highest mean severity among all families with a mean score of 2.7. Difference in the performance based on CMD severity between parents and their respective half sib progenies were observed. Only parental genotypes MM97/0293 showed a severity score of 1.5 among others. Though there were significant differences between parents and their respective progenies in their reaction to CMD severity, there were a varying number of symptomless clones generated from different cassava families involved. Of all the families, Kaleso had the highest percentage of clones that remained symptomless followed by MM96/4271 respectively. The lowest percentage of symptomless clones was recorded in family MM97/0293, MM96/0686 and MM96/9308. A rapid progress in CMD incidence was observed on genotypes P2G5 generated from MM97/0293, P3G10 from Kaleso and P4G10 from MM96/0686 across sites. The three clones P2G5, P3G10 and P4G10 showed the highest score for severity followed by P5G5, P5G7, P5G9 and P5G11, all from MM96/9308 family with score 3.0 of severity.
Population of Whitefly Nymphs
Reaction of genotypes to whitefly nymphs number in the two sites varied significantly (P < 0.001). The highest number of white fly nymphs was observed on P3G8 followed by P2G7 and the lowest on P1G7 with an average number ranging from 1.4 to 40.0. Among parents, MM97/0293 showed the highest number of whitefly nymphs on the progenies followed by Kaleso. The lowest number of whitefly nymphs was observed on family MM96/0686. Most of half sib progenies showed less number of whitefly nymphs compared to the number observed on their parents. The mean number of whitefly nymphs was observed to be high at Kakamega compared to that of Alupe, respectively. Note. Sev = severity; Inc = incidence; Whiteflies' nymphs were counted according to Abisgold and Fishpool (1990) ; AUDPC = area under disease progress curve; LSD = least significant difference; CV = coefficient of variation.
Yield and Yield Components
Genotypes in the two sites were high significantly (P < 0.001) different for storage root number, harvest index and fresh storage root yield. The interaction between genotypes in the two sites was highly significant (P<0.001) for storage roots number and fresh storage root yield. The number of roots per families ranged between 4.7 and 7.0 with an average mean of 5.4. Half sib progenies generated from MM96/4271 and Kaleso had high number of roots per plant compared to their respective parents. The highest mean number of roots was observed on progenies generated from family MM97/0293. The highest number of storage roots was recorded on genotypes, jas.ccsenet.org Vol. 10, No. 12; P2G8 and P4G1 at Kakamega and on genotypes, P5G10 and P5G11 at Alupe. Genotype, P2G8 from MM97/0293 had the highest number of storage roots but the lowest was by genotype P4G5 from MM96/0686. The number of storage roots among all the progenies ranged from 1.8 to 7.0.
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Harvest index was observed to be high on progenies generated from parental lines Kaleso, MM96/0686 and MM96/4271. Parental lines, MM96/9308 and MM97/0293 had higher harvest index than their respective progenies. A comparison between the harvest index of half sib progenies and their respective parents, a number of progenies performed similarly as their parents. In both two sites, harvest index ranged between 0.3 and 0.7 with mean of 0.5. The highest harvest index was observed on P5G8 and P5G11 generated from family MM96/9308.
The highest mean fresh storage root yield was recorded at Kakamega with mean of 18.2 t/ha compared to Alupe site with mean of 9.5 t/ha. A range of half sib progenies from MM96/4271, Kaleso and MM96/0686 performed well in comparison to the yield recorded on their respective parents. Parental lines MM97/0293 and MM96/9308 had high storage roots yield compared to their progenies. Genotypes, P2G3, P4G1, P2G11, P2G9, P4G12, P2G2, P1G1 and P3G11 had the highest yield at Kakamega with an average of 30 to 50 t/ha. The lowest yield was observed on 41.5% of genotypes with an average of 0 to 15 t/ha. The highest fresh storage root yield was recorded in Kakamega for genotypes, P2G3 and P4G1 with 50 t/ha. Genotype, P1G4 had the highest fresh storage root yield in Alupe and the lowest was P5G9 with 3.7 t/ha. Across the two sites, the highest fresh storage root yields were recorded from P4G1 followed by P2G3 with mean fresh storage root yield of 31.6 t/ha and 30.0 t/ha, respectively while P3G6 and P5G9 recorded the lowest yield of 8.5 t/ha.
The results showed no significant effect (P < 0.05) of genotypes for dry matter content. A comparison between the dry matter content of half sib progenies and their respective parents shows that parents generally had higher dry matter content than their respective progenies though the difference was not significant at 5% significant level. Only parent MM96/0686 had a high number of progenies with high dry matter than that of their parent. The highest dry matter content was observed at Kakamega with a range from 24.6% to 48.3% compared to Alupe with a range of 16.3% to 40.7%. Genotypes showing the highest dry matter content in Kakamega were, P3G2 and P4G4 with 48.3% and 48.0%, respectively while in Alupe the highest was genotype P1G5 with 40.7%. In the two sites, there were no significant differences (P < 0.05) among genotypes. Mean dry matter content across sites ranged between 29.1% and 41.7% with an average mean of 36.3%.
Cyanide Content in Cassava Roots
Cyanide content varied significantly (P < 0.001) among genotypes with a score ranging between 2.0 to 6.0 in both sites (Table 3 ). The highest scores of cyanide content were recorded on progenies from all the different families. Those genotypes are P1G3, P1G6, P1G11, P2G2, P2G3, P2G5, P2G10, P3G1, P4G8, P5G4, P5G5 and P5G12 with a range of 5.0 to 6.0 (Table 3) . In term of location, the highest scores of cyanide content were recorded in Kakamega on genotypes P1G3, P1G6, P2G2, P2G3, P2G5, P3G1 and P5G5 generated from family MM96/4271, MM97/0293, Kaleso and MM96/9308. At Alupe site the highest scores were recorded on two genotypes P1G11 and P5G12 from MM96/4271 and MM96/9308 (Table 3) . Cyanide content was also influenced by environmental conditions. Note. LSD = least significant difference; CV = coefficient of variation.
Correlation Among Agronomic Traits, Disease Expression and Yield
Correlations coefficients from combined data of the two locations were done on fifty four genotypes. Significant correlation was observed among plant height, levels of cassava mosaic disease, yield and cyanide content. Taller genotypes were observed to have high yield and high number of storage roots, but lower harvest index. High yielding genotypes presented high number of storage roots per plant, high dry matter and they were affected (P < 0.05) by cassava mosaic disease. Genotypes with higher storage root number had higher dry matter. Note. *, ** = Significant difference at P < 0.05 and 0.01; AUDPC = Area under the disease progress curve.
Discussion
Plant Height
Variability was observed among genotypes for plant height indicating that it was dependent on genotypes. Genotype and location interaction varied significantly for this trait. The tallest genotypes were observed in one site compared to another, respectively. The genotypes were generally tall in Kakamega with mean height of 155.6cm compared to 112.9cm in Alupe. According to the effect of environment, Laban et al. (2013) reported similar results where genotypes and locations significantly varied among themselves for plant height in three locations in Uganda.
Assessment of the growing conditions such as rainfall, temperature, solar radiation showed that, the climatic conditions were ideal to support growth of the plant (Yihong et al., 2009) . Previous studies by Laban et al. (2013) reported similar results of stunted growth in cassava as result of water stress. Aina et al. (2007) using Nigerian cassava germplasm reported a decline of 41% while Bergantin et al. (2004) using a range of cassava genotypes in the Philippines reported a decline of 62.05%.
Reaction to Cassava Mosaic Disease
The development of cassava mosaic disease was variable in the two sites, and resulted in different levels of severity scores. Though there were significant differences between parents and their respective progenies in their reaction to cassava mosaic disease severity, there were a varying number of symptomless clones generated from different cassava families involved. Of all the families, Kaleso had the highest percentage of clones that remained symptomless followed by MM96/4271 respectively. The lowest percentage of symptomless clones was recorded in family MM97/0293, MM96/0686 and MM96/9308. Alupe site was observed to have high number of genotypes showing susceptibility compared to Kakamega, indicating the effect of the environment on the evaluated genotypes.
This observation concurs with that of Akainwale et al. (2011) where the significant (P < 0.001) differences between the materials used and seasons influenced the response of the genotypes to cassava mosaic disease infection. The observation agrees also with the study by Chikoti et al. (2016) where, none of the genotypes showed resistance to cassava mosaic disease; however 56.3% of the genotypes were more tolerant to the disease. This might be due to the influence of the environment on the cassava mosaic virus and B. tabaci and growth activities of the plants (Fargette et al., 1993) . This might also imply that virus replication and symptom expression are controlled by distinct genes in cassava as alluded to by Kaweesi et al. (2014) when working with cassava brown streak virus and Uganda cassava brown streak virus.
According to Kiweesi et al. (2014), and Maruthi et al. (2014) , plants with low virus quantities and low symptom severity expression are regarded as resistant or tolerant. Cassava mosaic disease development is affected by environmental conditions and may vary depending on location of the field and year of cultivation (Sing'ombe et al., 2015) . Many cassava mosaic disease-resistant varieties can be infected by cassava mosaic disease but express mild symptoms that have little significant impact on yield (Tembo et al., 2017) .
Population and Incidence of White Fly Nymphs
The study showed variability on the number of whitefly nymphs among different genotypes generated from different parents used, and the locations. Among progenies, the highest number of white fly nymphs was observed jas.ccsenet.org Vol. 10, No. 12; on P3G8 and the lowest on P1G7. Progenies from parental genotype were found to have high number of whiteflies nymphs, while having the lowest severity score and symptomless plants, indicating that those genotypes were the most likely by the whiteflies, therefore showed a high level of resistant to white flies' attack. According to the observation during data collection in the trials, whitefly nymphs were observed to be predominantly high during the dry season compared to rain season in both two locations, indicating that their presence is mainly influenced by climatic condition.
Journal of Agricultural Science
Result agrees with that of Otim et al. (2006) where higher numbers of whitefly nymphs were found on resistant varieties when compared to susceptible varieties of cassava. Ekbom and Xu (1990) noted that the distribution of B. tabaci on plants was far from random, since the insects tend to select both particular plants and parts of the plant. This is consistent with the observations made by Legg et al. (2003) , and is attributed to the whitefly preference for the resistant variety.
Seasonal changes in diversity and density of pests in tropical regions have been related in several studies and have been attributed to temporal variation in local environmental factors such as temperature, rainfall and relative humidity (Klein et al., 2002; Philpott et al., 2006; Teodoro et al., 2008) .
Yield and Yield Components
Significant variations (P < 0.001) were observed for fresh storage root yield, storage root number and harvest index indicating wide genetic differences. Harvest index varied significantly with most of the genotypes having values ranging between 30% and 70%. Thirty two half-sib families plus their four parents had harvest index ranging from 50% to 70%, which was very high according to the optimum values of 50% to 60% for cassava (Iglesias et al., 1994) . A high number of half sib progenies from MM96/4271, Kaleso and MM96/0686 performed very well in comparison with the yield recorded on their respective parents. Low yields were observed in Alupe compared to Kakamega. It has been observed that the rainfall was high at Kakamega than that at Alupe (Appendix 1). This could have influenced the relatively better performance of genotypes in root yield in Kakamega than Alupe. The amount of dry matter value obtained across site ranged between 29.1% and 41.7%. A comparison between the dry matter content of half sib progenies and their respective parents' shows that parents equalized with their respective progenies as the difference was not significant at 5% significant level.
The result obtained in the study for harvest index was high compared to those reported by Chikoti et al. (2016) where they got values ranging between 44% and 55%. Harvest index was a highly heritable trait and less affected by the environment (Kawano et al., 1998) . The report agrees with Chikoti (2016) when reaction of the genotypes to fresh storage roots yield differed significantly, ranging from 0.24 kg/plant to 0.87 kg/plant. This may be due to varietal and climatic superiority especially in their ability to utilize resources more efficiently through appropriate partitioning of assimilates (Mandal, 2006) . The results on dry matter content in the study agree with that of Gifty (2015) where the amount of dry matter produced ranged from 30% in Debor and 40% in Agbelifia respectively. Teye et al. (2011) also got similar result, as observed by Gifty (2015) , when the dry matter values obtained ranged between 31.45% and 40.74%. Root dry matter content ranging between 23-43% has been reported by other workers (Okechukwu & Dixon, 2009 ).
Though cassava crop is tolerant to drought, at some stage in preliminary growth stages moisture content in the soil is essential. Kiweesi (2014) reported that low yield could be due to yield cost on the plant due to resistance to disease when Namikonga presented low yield among others. Cassava grows well in less fertile soil but a considerable amount of nitrogen is required (Howeler, 2002) . The critical period for water deficient in cassava is 1-5 MAP, which coincides with the stages of root initiation and tuberisation (Aina et al., 2007) . Higher climatic conditions including temperature moisture and humidity favoured the varieties during the vegetative stages but during the reproductive stages, overall yield was affected through strong negative correlation between resource-use and yield components (Gifty, 2015) .
Cyanide Content in Cassava Roots
The result yielded concentrations of cyanide ranging from 20 mg/kg to 60 mg/kg of fresh tubers. Progenies from all the five families showed a high concentration of cyanide content. The analysis revealed higher levels of cyanide above the recommended safe limit of 10 mg/kg (Tchacondo et al., 2011) . Bitter cassava recorded high concentration of cyanide compared to the sweet cassava. Similar result has been obtained by Ezeigbo et al. (2015) when cassava cultivars 30211, 30572, 0581 and 8083 had higher concentration of cyanide than the cultivar 0505. Wheatley et al. (1993) obtained similar results, although the present survey recorded lower concentrations of cyanide in all the species investigated. According to literature, time of harvest influences cyanide content of fresh cassava. Harvest conducted during the rainy season and in the afternoon would significantly reduce the rate of cyanide in the cassava products (Silvestre et al., 1983) .
Correlation Among Agronomic Traits, Disease Expression and Yield
The correlation between storage root yield with number of storage roots, harvest index and dry matter content were positive and highly significant. Egesi et al. (2007) reported similar results for the correlations of fresh root yield with number of roots plot -1
, and top biomass and contrasting results for the correlation between harvest index and fresh foliage mass. The results of this study indicated that fresh storage root yield, harvest index, storage root number and dry matter content can be selected simultaneously as they are positively and significantly correlated. Negative and significant correlations were observed for fresh storage root yield and storage root number with cassava mosaic disease, respectively. Okechukwu and Dixon (2009) reported negative correlation coefficients between cassava mosaic disease and yield. On the contrary, studies by Ssemakula and Dixon (2007) reported significant positive correlation between cassava mosaic disease and yield. In cases where cassava mosaic disease presented a weak and positive correlation with a trait, it suggested that cassava mosaic disease had no effect on the particular trait (Chikoti et al., 2016) .
Conclusion
The study has identified high yielding half-sib progenies from Kenya that are resistant to cassava mosaic disease and other traits of agronomic importance such as yield, yield components and root quality, indicating that these materials could be used in the future in breeding programmes to generate cassava varieties that combine all the desired traits. Evaluation of new cassava varieties under local disease conditions would most likely improve the productivity of cassava through selection of resistant clones.
